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ABSTRACf 
A numerical simulation of the thermal and fluid-dynamic behaviour of a single stage vapor 
compression refrigerating unit has been developed. The modelization is based on the numerical solution of 
a double-pipe condenser and evaporator, a capillary tube expansion device and a reciprocating compressor; 
the process is carried out iteratively, in a segregated manner. The software allows the calculation of the 
temperature, pressure, mass vapor fraction, void fraction, velocity, heat flux, etc, at each point of the 
discretized domain, in transient or steady state. A wide range of situations can be analyzed, considering 
different working fluids, geometries and boundary conditions. In order to show the possibilities of the 
software developed, some results corresponding to a single stage vapor compression refrigerating unit 
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INTRODUCTION 
In order to predict accurately the performance of a refrigerating equipment, it is necessary to develop 
general and systematic methods to simulate its thermal behaviour, which requires the integration of the 
governing equations (continuity, momentum and energy) in the whole domain. 
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Several models can be found in the literature, as for example, the models developed by Chi and 
Didion [1], Murphy and Goldsmith [2] and Rajendran and Pate [3], based on global balances between the 
inlet and outlet sections of the different elements; McArthur [ 4] solved the condenser and the evaporator 
using finite difference methods and considering a one-dimensional formulation of the governing equations. 
In this paper, a numerical solution of a single stage refrigerating unit is presented. The unit studied 
consists in a double-pipe condenser and evaporator, a capillary tube expansion device and a reciprocating 
compressor. The heat exchangers and the capillary tube are solved on the basis of a control volume 
formulation of the governing equations (continuity, momentum and energy), considering one-dimensional 
flow [5][6]. The one-dimensional analysis requires the knowledge of the shear stress, heat flux and two-
phase flow structure, generally obtained from empirical information. The compressor has been modelized 
using global balances between the inlet and the outlet cross-section of the compressor. This model requires 
the use of additional information for the evaluation of the volumetric efficiency, heat transfer, input power, 
etc, which can be obtained either empirically, or from a compressor numerical model [7], or by means of 
the analytical integration of an ideal compression cycle as has been done in this work. Finally, a 
refrigerating unit is studied and some illustrative results are presented, accounting for the Moliere diagrams 
and some working parameters: system pressures, temperatures and mass flow rate, power input and heat 
exchanged in both the condenser and the evaporator. 
NUMERICAL SIMULATION 
This section deals with the explanation of some aspects of the modelization of the double-pipe 
condenser and evaporator, the capillary tube expansion device, and the compressor, and also the coupling 
between the four subroutines to modelize the refrigerating cycle in transient and steady state. 
In the double-pipe condenser and evaporator, the two-phase flow has been considered inside the 
tube, heated or cooled by water flowing inside the annulus. Adiabatic boundaries have also been 
considered. The one-dimensional and transient governing equations of the fluid flow are integrated 
numerically using an implicit step by step numerical scheme. The heat conduction equation in the tube wall 
has been discretized on the basis of a central-difference numerical scheme and has been solved using a 
TDMA (Three-Diagonal Matrix Algorithm). This formulation requires the use of empirical information to 
evaluate the convective heat transfer, the shear stress, and the void fraction. The inflow conditions are con-
sidered input data while the outflow conditions are considered output data. For more details see ref. [5]. 
In the capiliary tube, adiabatic flow has been considered. The one-dimensional and transient 
governing equations of the fluid flow are also integrated numerically using an implicit step by step 
numerical scheme. This formulation require the use of empirical information for the evaluation of the shear 
stress and the void fraction. Since the critical mass flow rate is fixed for a given capillary, all the inflow 
conditions cannot be simultaneusly imput data, so the inlet mass flow rate or pressure has to be considered 
as an output data, and are evaluated by means of a Newton-Raphson algorithm. For more details see ref. 
[6]. 
The modelization of the compressor has been made on the basis of global balances between the inlet 
and outlet cross-sections in steady state. This formulation requires the use of additional information for the 
evaluation of the volumetric efficiency, heat transfer and input power. These parameters have been 
evaluated by means of the analytical integration of an ideal compression cycle, which considers adiabatic 
flow, isobaric suction and discharge, and polytropic compression and expansion. Again, all the inflow 
conditions cannot be simultaneously input data. 
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The global transient algorithm is structured in a way that, at each time step, the subroutines that 
solve the four elements are called sequentially, transferring adequate information to each other, till the 
convergency is reached. The transferred information is the flow conditions at points l, 2, 3 and 4 ( cf. fig. 
1), considered either input or output data for each element that share the same point. For example, at point 
1, the mass flow rate and the temperature can be considered as input data for the compressor, and output 
data for the evaporator. Table 1 shows the information transfer scheme implemented. 
Element Input data Output data 
Compressor Pz, Tl, rill PI· Tz, rilz 
Condenser P3• Tz, rilz Pz, T3, m3 
Expansion device P4• T3, ril3 P3• xg,4• m4 
Evaporator PI• Xg.4• m4 P4• T1, rill 
Table 1 Infonnation transfer scheme for the transient algorithm 
The proposed scheme disagree with the input/output data scheme for t~e condenser and the 
evaporator above mentioned, thus the solution algorithms for these elements require the knowledge of the 
inlet pressure. The inlet pressure for these elements can be written p2=p3+LlPcond• and p4=P1+Llpevap• 
where ~Pcond and LlPevap are the pressure drop in the condenser and the evaporator respectively, which can 
be taken at the preceding iteration thus the global algorithm is iterative. 
In order to accelerate the convergency, the mass flow rate at the inlet of the compressor has been 
over-relaxed. 
The boundary conditions for the refrigerating cycle are the pressure, temperature and mass flow rate 
of the water at the inlet of the heat exchangers' annulus, together with the compressor speed. The initial 
conditions, i.e. the value of all dependent variables at each grid point at t=O, have been evaluated from the 
solution of the refrigerating cycle in steady state using the boundary conditions corresponding to t=O. 
In steady state, the mass flow rate is constant in the whole domain, the continuity equation applied to 
each control volume gives n-llinearly independent equations (n in transient state), where n is the total 
number of control volumes, so the set of discretized equations is not detenninate. An additional equation is 
needed. The easiest additional equation is to fix any flow variable at any point of the domain, as for 
example, the pressure at point 2 (cf. fig. 1), such as it has been. Fixing the pressure at point 2 implies to 
modify the information transfer scheme; the one implemented is shown in table 2. 
Element Input data Output data 
Compressor Pz, T 1, ril PI• Tz 
Condenser pz, Tz, ril P3• T3 
Expansion device P3• T3, P4. xg,4, m 
Evaporator PI> xg,4• m P4• T1 
Table 2 Infonnation transfer scheme for the steady state algorithm 
RESULTS 
A single stage vapor compression refrigerating units is studied, working with CFC-12, HCFC-22 
and HFC-134a. The Moliere diagrams and some working parameters (system pressures, temperatures and 
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mass flow rate, power input and heat exchanged in both the condenser and the evaporator) are presented. 
The geometry and the boundary conditions are the same in the three cases except for the capillary tube 
length in the unit that works with HFC-134a, that has been selected to obtain approximately the same 
evaporating temperature as in the other units. The transient state comes from a sudden increase in the water 




CFC-12, HCFC-22 and HFC-134a 
i) Geometry: V c= 12 cm3, V d=O. 72 cm3; ii) f=50 Hz; iii) np= 1.125; iv) Adiabatic boundary. 
i) Geometry: L=3 m, 0 1=6 mm, 0 2=8 mm, 0 3=16 mm, ~=0.25 j.tm, 8=0, counter flow; 
ii) Annulus: water at Ti=32 C, Pi=0.2 MPa, vi=0.5 m/s; iii) Adiabatic boundary. 
-Evaporator: i) Geometry: L=6 m, 0 1=6 mm, 0 2=8 mm, 0 3=16 mm, ~=0.25 J.!m, 8=0,cocurrent flow; 
ii) Annulus: water at Ti=10 C (t=O), 20 C (t>O), Pi=0.2 MPa, vi=0.5 m/s; 
iii) Adiabatic boundary 
-Capillary tube:i) Geometry: L=0.9 m (CFC-12 and HCFC-22), 1.8 m (HFC-134a);0=0.65 mm; 
~=0.25 j.tm; ii) Adiabatic boundary 
-Initial conditions: corresponding to the steady state solution with boundary conditions at t=O and 
condensing temperature approximately equal to 55 C: p2=1.363 MPa (CFC-12), 2.158 MPa (HCFC-22) 
and 1.484 MPa (HFC-134a) 
-Numerical parameters: n=300 (condenser, evaporator and capillary tube); .1.t=10 s; 0=10-6, k=l.1 
Table 3 shows some working parameters, accounting for the system pressures, temperatures, and 
mass flow rate, together with the power consumed in the compressor and the heat transferred in the 
condenser and the evaporator, at different instants. Fig. 1 shows the Moliere diagrams for the unit at t=O 
and t=120 s. for the three fluids considered. 
Tt Tl TJ T4 
. . 
Wcp Qc Qe t Pt P2 PJ P4 ml m3 
(s) (MPa) (C) I <kWh) (kg/h) (w) 
0 0.122 1.363 .1.363 0.131 9.1 106.9 3;).6 -23.5 7.64 1.64 111 380 269 
~ 10 0.125 1.385 1.385 0.135 11.6 109.5 35.6 -22.9 7.82 7.79 114 390 279 
~ 
20 0.128 1.407 1.407 0.138 15.0 113.2 35.6 -22.3 7.93 7.93 117 401 286 . u 40 0.132 1.438 1.437 0.142 18.5 116.9 35.7 -21.6 8.11 8.12 120 416 297 
"" 60 0.132 1.444 1.444 0.143 19.0 117.5 35.8 -21.5 8.15 8.15 121 420 299 u
120 0.132 1.445 1.445 0.143 19.0 117.5 35.9 -21.5 8.15 8.15 121 420 299 
0 0.202 2.176 2.175 0.214 8.5 129.0 38.1 -23.5 9.46 9.46 186 632 446 
M 
10 0.207 2.202 2.201 0.218 11.0 131.5 38.2 -23.0 9.64 9.59 191 647 460 ~ . 
20 0.209 2.214 2.214 0.221 14.4 135.0 38.2 -22.7 9.65 9.65 193 656 465 u 
"" 40 0.212 2.231 2.231 0.224 17.9 138.6 38.3 -22.4 9.72 9.72 196 669 47
3 
u 60 0.212 2.235 2.235 0.224 18.4 139.1 38.4 -22.3 9.73 9.73 197 672 475 :c 120 0.212 2.235 2.235 0.224 18.5 139.1 38.4 -22.3 9.73 9.73 197 672 475 
0 0.109 1.484 1.484 0.114 9.4 98.8 42.4 -23.5 4.73 4.73 89 288 199 <:a 
0.112 1.518 1.518 0.118 11.8 101.4 42.5 -22.8 4.88 4.87 92 297 209 "" 1 0 !"') 20 0.117 1.568 1.568 0.123 15.2 105.0 42.7 -21.9 5.05 5.07 96 308 220 .... . 40 0.124 1.651 1.651 0.130 18.7 109.0 43.5 -20.6 5.32 5.33 102 327 234 u 
"" 60 0.125 1.678 1.678 0.131 19.2 109.9 44.6 -20.4 5.33 5.3
3 103 330 232 
:c 120 0.123 1.663 1.663 0.129 19.3 110.3 45.8 -20.9 5.15 5.15 100 322 222 
Table 4. Working parameters for the unit studied 
Although the system pressures and the mass flow rate are obviously different in the three units, they 
all show quite similar evaporating temperature. The compressor power consumption and the heat exchange 
in the condenser and the evaporator are reasonably close for the units working with CFC-12 and HFC-
134a (slightly higher for CFC-12), while they are notably higher in the unit working with HCFC-22. 
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CONCLUDING REMARKS 
A numerical method to analyze the behaviour of single stage vapor compression units has been 
developed by means of a transient one-dimensional analysis of the governing equations (continuity, 
momentum and energy). Additional information is needed in order to evaluate shear stress, heat flux and 
two-phase flow structure, together with the compressor volumetric efficiency, power input, heat transfer, 
etc. The global simulation has been implemented within an iterative algorithm that solves sequentially the 
four elements (compressor, condenser, expansion device and evaporator), using an adequate information 
transfer scheme. In order to illustrate the possibilities of the modelization, a single stage refrigerating units 
has been analyzed, which works in transient state with CFC-12, HCFC-22 and HFC-134a respectively. 
The results show reasonably close thermal behaviour of the units working with CFC-12 and HFC-134a, 
and notably higher power consumption and heat transferred in the condenser and the evaporator in the unit 
working with HCFC-22. 
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Fig. 1 Moliere diagrams for the refrigerating unit studied 
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